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ABSTRACT 
. This study examines the effect upon comprehension, as 
seasured by cloze scores, of material in mathematics that is 
rewritten on the basis of elementary and junior high school subjects! 
“oral language patterns. Syntactic structures were identified which 
appeared to inhibit or facilitate * comprehension fot the subjects 
involved. The mean nusgber of occurrences of each of certain 
linguistic structures was calculated and was used as a basis of 
rewriting a repre tative passage. The passage was then given to the 
second of two sa tched}| groups. Analyses of results suggest that 
revriting material had greater effects on the comprehension of the . 
expository pcrtion than of the narrative portion of the passage. 
Implications for the classroom teacher, regarding the-sommunicaton 
process in this technical content area, are discussed. (Author/MB) 
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THE EFFECT UPON COMPREHENSION OF MATHEMATICS MATERIAL PATTERNED: ' 


ON THE BASIS OF ORAL LANGUAGE * 


This investigation had three major purposed. ( ) to ,examine 


the effect upon comprehension, as measured by clo é scores, of a 


f subjects' oral.. 


+ . © material -in mathematics rewritten on the basis 


—~— 


) . 
language patterns, (2) to examine the effect Af repatterning ex- _ 


, 


posttory material compared to repatterning/narrative material which 


appears in a mathematics context, and(3)/ to- determine, more specif- 9 
“ically, those linguistic structures wyich appear to facilitate or 


interfere with communication. ; . ' 


Related Literature 


‘ 


Repatterning 


Ruddell(1963) noted Ahat comprehension scores were signif- 


icantly higher for passages which approximated the: syntax of sub- 
jects.compared to passages which did not reflect: , the oral language, 


. pattern of the subjects. Amsden( 1964) -indicated that researchers 


concerned with ‘the teaching of reading should pay- closer attention 


. to the oral Aanguage of their subjects. This investigator conducted 


ich indicated a greater degree of comprehension with text 
ed to approximate subjects’ oral: discourse. Williams(1968) 
ed that rewritten science text material resulted in a greater 
ingrease in comprehension for poor reader@ than good readers. 


ore’*specifically, it was not merely the simplification of syntax 


which resulted in greater increase in comprehension; but rather, the 
precise matching of the syntax of the reader with the syntax of the 


author ‘of the text which appeared to enhance communication. Smith 


3 
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ert, . me ‘ - : Repatterning-2 
ay (1970), working with 120 subjects of different developmental 


‘ _ levels, concluded that the level of production Was: the best Level 
" i “. 0f reception for the subjects in his study. Tathan( 1970) rewrote 
material on the basis of oral language and. found that children 

@, . dn grades two and four scored significantly higher on material” 
o " rewritten on the inate of their own oral language patterns com-: , 
- pared to that of the text. ‘Fagan( 1971) found that read ing compre- ‘ 
 hension appeared to depend upom the type of syntactic structure of 
the printed language. Finalty, Peltz (1973) rewrote secondary soc- 
jal studies material on the basis of subjects’ written discourse 
and found.a significant difference in ponies eves when clone 
; : was. the measure 6f: comprehension. , 
ve ie Rk 
Cloze ieee. ; 
The cloze. procedure has been used in many studies as the de- 
pendent measure. Rudde2( 1963) and Rankin and Dale(1963) used the 
cloze procedure as a measure of comprehension of textual and/or 


rewritten material. Also, Kane and Hater( 1972) ised the clozé 


~ procedure to determine the difficulty ‘of mathematics passages. 


‘ yf F ae Hy pothéses J 

‘ We substantive and one null hypotheses, growing from an? 

J aiigea Gite. were tested across three conditions-yielding a topal 
of nine ee Condition one examined the passage as a whole, 

/ Jeonddeian two examined the first half of the passage, and sontenion 


three examined the second half of the passage. (There appeared to 


ee ‘ ad 

1 8 « 

we 4 : ih 2m * ‘ , 7 : 
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‘ve’ difference in the svt of writing within the Passage it- 
self, therefore the ‘two latter conditions were examined. Approx- 
: imately. one- ~tnira of the first half of the Passage was narrative 
in style aegéribing the wa vttion of a girl about to enter high 
school whg was, as a result, going to receive twite heg erent 


e. Also contained, in this portion of the passage, were 


P introductory statements about using algebra to solve 
The second half of the passage explained,. in detail, 
ow to actually solve algebra problems in a step by ,step manner. 

The second half, in contrast to the. first OR ar in 

nature.) 

; Based on the-above rationale, the following hypotheses were 

_tested across the three conditions: 

(1) Discourse’ presented in syntax which approximates 
the syntax of subjects will result in significant- 
ly higher cloze scores(at the .05 level) than dis- 
course presented in the syntax of the text. 

(2) Subjects considered "good" in mathematics will - 
‘score significantly higher on cloze passages(at the 
-05 level) than subjects considered "poor" in math~ 
ematics. ; 

(3) There will be no significant interaction between 


s the main effects of student abililty and language 
form presented at the +05 level. | 


-Research Design and Procedure 
Subjects in-the present investigation were 152 randomly selec- 
ted winth graders at a junior high school located on Long Island, 


New York. Students scoring at or over two-thirds of a standard 


* . - - e 


Repatterning-4 
deviation ‘from the mean on the i York State Pupil Rvaluation , 
* Program(PEP)Test. in Mathematics. snidatetancea in October, 1974, 
A * were designated "gbod" and "poor" ability stidents ip-mathematics. 
All students. scoring below ‘minimum competency(fifteenth percentiles 
otf “the New’ York State PEP Test in Read ing were eliminated from . 
ithe sample. pool prior to the "gooa” and "poor" determination. 

The study was conducted in three phases over the five month, 
period from January to May, 1975. Phase one consisted of the . 
‘administration of .a cloze passage, constructed Reetes the textbook: 
material to a group of seventy~six "subjects chosen by selecting 
a 4 alternate subject from the totiel (152) eligible for considera 
won in this qtudy.- The particular passage was “selected based on 
eas ‘pilot work and (2) the fact that it was an expository passage, 


for the most part, which "explained", how to use algebra to solve 

rs / word problems. 

. Phase two consisted of individually litexvinwines this sub- 
Neots randomly selected from the total of thirty-seven who scored 
‘at, or above, fifty-seven sanone on the phase one cloze test. 
Each subject: was asked to pretend that the investigator was a_ | 
ninth grader who was experiencing difficulty in algebra. The 
subjects’ task was to.try to explain @—selection taken from a 
ninth grade mathematics textbook so that this "pseudo ninth-grader" 
( the investigator) would be able to un@érstand algebra. (‘he pas- 
sage was the same one given to the subjects. six weeks earlier in 

. cloze format.) . Subjects were asked \to retell, in their own words, 

.. ie adhe ge 
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‘ 


every few sentences of the selection. . The subjects were allowed - 
oo ee refer to the passage when they forgot or did not understand | . 
what they read but were discouraged from giving verbatim res- 
.ponses. In this: Manner, the entire Passage’! was "retold." All 
responses were taped, transcribed, and analyzed according to a 


linguistic analysis worksheet dealing, .to a large degree, with 


oe . £35 * 
noun replacement and noun expansion transformations. . In a noun 


replacement transformation, a clause replaces: and takes the function 4s 
of,a noun. For example, "His remark was not what they ee ae ) 
would become, "What he said was not Mbit easy needed..." Noun ex- 
pansion transformations are generally achieved by inserting rel- 
ative words or clauses. An example of this would be "The boy,* who 

was fat, ran down‘the street" or "The fat boy ran down the street." 
Forty-one ‘transformations were counted which fit into ‘the cama 
three, general categories. he first group consisted of simple 
transformations, such as simple sentences; the. second group con- 


Bisted of embedded transformations of which noun se alain and 


expansion transformations are examples; and the third group con- 
sisted of conjoining transformations which included "connectives" 
- "Like "and," "also," and then. " 

_ Mean occurence of each of these structures per t-unit was 
calculated across the Shisecteas -A,t-unit is an independent ‘clause 
and any subordinate clauses attached to stQhunt, 1965). The mean 


number of each of these structures was then sed to coristruct a 


*Adapted from a Linguistic: Analysis Worksheet developed by 
Fillmore Peltz in a doctoral dissertation at Hofstra Univ- , 
ersity, 1973. (See Appendix. ) 
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‘ passage represehitative of the subjects’ language patterns. In 


other words," the mean number of each structure was the formula 


: followed in rewriting thie passages” For éxample, At the subjects” 


Masri als adverbial clauses of time a mean humber of 3s 67 times 


* 


across all their retold passages, then | care was taken to -use nine . 


‘of these particular constructions in. the representative passage 


, constructed by the- investigator. If the subjects used the infin- 


itive as object a méan, riumber of 3. 1 times across all their re-* 


a told passages, then care was taken, in construc ting the repatterned 


i passage, to utilize this particular construction four times. This 


was the. procedure followed for each of the structures counted. 


, 


‘ In phase three, sixty-eight subjects (the aubjecte’ remaining 


after the phase one selection procedure) were given the representa- i 


tive passage in cloze ss lee with every acai word deleted across 


” 


a total of 514 words. In order to have a completely counterbal- 
anced design, the two s aciutecail eh original and the repat terned) 


were divided into two approximately equal halves and the complemen- 


tary portion of both the repatterned and ‘the original -passages were 
matched and a to the subjects. In ether _words, a3 sub- 
jects in this phase ae either form RO( repatterned first 
half, original second -haif) or form Gilortainet first half, re- 
patterned, second half). After a check for homogeneity of variance, 
three analyses. of: variance with weighted means were employed td | 


examine. the data. 
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{ Lae ah 
5 ' ; , Findings 


ee ee the fintinee will be reported in terms of the three pur- 
et F “ “poses of this investigation. | The first purpose was‘ to deter- 
jmine the effect upon comprehension of, EPev EDIE textual 

he haterial based on oral language pakterus SGRORB the passage as 


d whole, ignoring the style of the tanguage. mabye one lbelow) 


Presents the findings of this analysis. - 
ty ‘able ' Analysis’ of Variance of Cloze Scores-on Original and 
a, : | Repatterned Language : 


Source ss af MS oF ¥ 
a ait ae ; ee , { 
we oe ‘ Ability : 4669.79 1°  +4669.79 38.12** . 
_ Language 2718.77 +1. 2798.77" 22.20% ; 
’ & . . 
’ Interaction be 126.68 1 °: «426,68 1,03 
Error 16618.57 132 22.49 
FR): a ee mes 
°°95(1,132)=3.92. ** p<.01 os 
qo * The results of comparing the textual language(bdriginal 


first, and second halves combined) and the repatterned language 
(repatterned first and second halves combined) indicated that 
both language form and student ability contributed significantly 
to total variance, with the exact probability: of occurence under 


‘ ‘ ‘ ; 
01. *These results were consistent with the predictions of 


pe fe ee 


cine 7 7 we oe, oe ae ‘ho 
ee oe ; ae oA Repatterning-8 . 
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a hypotheses one and two. -In addition, tng lack of significant 

: interaction was consistent with ‘the null hypothesis. ? 

so The second purpose was to examine the effect pon compre= 

or . hension of repatterning expository compared to narrative styles’ 

_ of presentétion., The ‘results of a comparison are Presented 
in tables two and three(below). 


Table 2 Analysis of Variance of Cloze Scores on the Original 
and Repatterried First Half 


Source SS af MS F 
. f = 
> aS ; ° 
a Ability . 906.34 1 906.34 © 17.51** 
* “¢€ e . . . 
« . Language 452.71 — 1. “+ 452.94 2.95 e.g 
' * Interaction 61.63, - 1 61.63 1.19 . 
% gp Error © 3416.74 “66. °. 54.77 
; eae ne ee 
Fg5(1,66)=4.00 ' #*¥p < 01 ; 
. : 
v , Table two indicates that student abilits was a.significant 


main effect when the first half of the passage was under consid- : 
@ration. However, language was found. to be a non-significant , 


main effect contrary to the prediction of hypothesis one. Final- 


P ly, the null hypothesis was accepted in*this analysis. 

; . : ’ 

Me . The following’ table shows a comparison’ between the cuhe eres 
a - “and: ‘the SADE MAREEEY second half which was.the expository “section 
fe 


; of the passage. 
we P .: 


7 


ays 


(  S pbality) 5365.39. 1 5365.39. 43.510 
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‘Table. 7 Analysis of Variance of Cloze Scores on Original and ~ 
: Reve yeoenen Second Half : , 


: tafguage / 3535.37 ~ (3535.37  28.67*# : 
Interaction 48.49 °° 4 48.49 339 
Error .- 7891.95-. 64 123,31 pry 
Fos (1 6) = 4.00 a ae *#p <= .01 


Table three indicates that student’ ability and language 
° forh were both significant main effects, with the exact prob- 

ability ‘of occurence less than 1016 +he interaction was non- és 
significant. All three of these results were predicted by the 
hypotheses. ; : , . 

In terms of the third purpose of this investigation, a 
“specific comparison between the syntax of the text and that of 
the subjects was performed. Forty-one surface’ structures were 7 
‘counted for the ‘extual’ and the representative passages} how- 
ever, just those shensthizes which differed, significantly between 
the two ‘Passages will be presented below(see- table. four). 


The following represents the results of this anabysie. 


? s 
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hs 
| ne ‘ . 
Table ¥ Specific Comparison of Linguistic Structures Between 


bs 5 Original and Repatterned Passages ( oe, 


| es 


» 


a Structure | Mean Number of Times Used 
er rn er as re 
Coit 8 # : 
eee nN AR RN A A A A A 
“4. "It-Verb-Subject" a BS 
(It is an easy problem.) 6.00 . 141213 


2, “Wh+Sentence as Object" 
Ley BOS (The equation states what 7 ; 
bhioe g, is said in the paragraph.) 0,00 3.40 


3." "Infinitive as Object" 


(You should try to reread 7.00 4229 
the problen. ) . 


. 4. “Additive Conjunction between 


Independent Clauses" — ° . \ 
(.--and...and...) 4.00 - 12.46 
5. "Conjunctions between Dependent 
: Clauses” ; 
. (a) 80... . 0.00 5.67 
(b) then... , 1.00. * 4.83 i 


6. -"Nominative-Direct Object o 2 
Passive Varb" . 
‘(The allowance was doubled. ee 
by Paula's father.) 14.00 ‘ 8.17 


7. “That+Sentence as Object" : 
(The problem states that : 
the allowance was doubled. ) 9.00 3.70 


8. "Genitive Phrases" a 14.00 4.27 
9. Adjectives ; : ». | 17.00 - -9.00 


‘ Re q 
; es *O=Original(Text) Passage 


R=Repatterned, Passage a | 
Pe ; = 12 


 & . . é , 


oe ~— 7 eo ‘ Repatterning-11 ; 


4 


Ae-ean be seen in the above table, the subjects used cen- 


atruetions one through five to a significaitly greater. degree | 


+ 0 


‘ 


in their. oral ‘language compared to the language of the text. ° 
On the other hand,’ the author of the text used constructions 


‘ Bix. ‘to--nine to a pignificantiy greater. degree than the subjecta 


fable 5 Number of Words and T-units per.Passage a 


_ * eee 


7 
mrs in their oral retell ing of the passage. 


- 


“A final comparison between the t-units of the text ‘compared - 
to the t-units of the repattemed pasvaze indicated that ‘subjects 


used less words per ge than the author of the text. (See 


table five. _ =<, © 


‘ ~ 


Passage : t-units words . words/t-unit 
; 7 


Original(text) = 35 51314 65" 
Repatterned , +43 514 11.95. 


a ; 4 


ERerialon | 

\ 
‘the results indicated that material praeinsad to the sub- 
face was understood best when the latigudge patterns employed 


‘approximated the syntax of the subjects when expository material 


was presented. When narrative material was presented, however, 


_ it appeared that os were able to comprehend either syntac- 
o 


tic pattern. As could be expected, "good" ability, subjects scored 


nena than space? ability aUbIGESE ignoring form of language. 
ry 


A 


ae ae 
¢ Mi 


iy . a. 
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the lack of significant interaction suggested the use of the 


repatterned expository ‘material for all subjects. 

In addition, certain surface structures were isolated which 
appeared to intérfere with. or facilitate ) communtoation between 
the sender(author) and -the receiver( reader) of the particular 


message. Also, the' subjects appeared to use less words per t- 


‘ : e : 
“unit than the author of the text. In-:other words, the text ap- 


, peared to squeeze more words¢concepts) into each t-unit. The 


"overloaded" the communication channel of the reader, 


subjects in this investigation, however, tended to use more 


t-units to express themselves... In terms of information ‘proces- - 


ping ‘models of communication, the textual presentation may have 


~ \ 
\ 
Conclusions and Implications | 


It is suggested here that the difference in syntactic _Ppat- 


. tern hetwsan the two passages contributed to the difference. in 


comprehension. Passives, noun si aia transformations bef 


‘ the form "that+sentence as object," and ‘genitive constructions 


were ° rarely used by* ee ‘subjects, but were present in- ‘the textual ; 


passage ms a significantly greater. degree. For example, sentences 
* such as "The allowance was doubled by her fa her" or "The Problem 
states that the allowance is now, sixteen dollars" ‘represent the 
first two constructions ‘and when. these were. “included, the passage 
aid not appear ts be understood as weil as when these construc- 


tions were not included. 


s 
s. : . 


~~ 


s 
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io : 
“Me “Phe greater sae of ths "infinitive as object," "wh+sentence 
as object," any the extensive use of conjoining constructions bie 
wee independent clauses appeared to facilitate comprehension - in’ 
os the repatterned passage. For example, constructions such as "You 
should try to solve the problem," "The equation represents what 2 
+ * “Paula's ‘allowance is flow," and conjoining words like "and," "so," 
. and “then” were a in the subjects' discourse to a large de- 
gree. These latter donioining constructions appeared to link 
concepts for these subjects. -+deas appeared to be joined through 
‘the use of the néiiteotivn: words noted above. In fact, even 


though such connectives might never appear in a text between in- 


. 


dependent clauses due to certain conventions of writing("avoid 
* ‘run-on'* sentences"), it might be better to include them, to a 

- greater degree, for the sake of students comprehension(above the | 
protests of editors). . 
It should be noted that it was not merely the presence of 


a "a 


_enbeddings which effected comprehension, but rather the. type of - 


embedding employed. For example, two types of eubodding which . i 

- appear to be similar are the "thatseentence as object" and ies." ( 
“wh+sentence as object" constructions. However, onthe basis of i 
the present investigation, the latter appeared to have a facilitative 
effect upon understanding. ) , . - , i ) 
It is also important to note that it did not matter which ’ i 
syntax. was used when narrative material was presented; however, 


when suEgetsory material was presented, syntax appeared to have — 


4 
Je . 


oe a | 5 


“a 
. 
eo 


; | = we 3 7 sl a es / 


‘ 


be a eit: | effect upon comprehension. This makes sense if aff fs 
5 -an faverse relationship between syntax and semantic familiarity 


; / 
is hypothebized. This means that when material ete fam 


iliar ward at least, peievant to students’ experiential ackgro 


-* evant to students’ ecenianaien background, language structyré be- 
comes more important. It is suggested here that, in the latter 
‘eo: situation, students appear to Leak fox a familiar trasiew k or 
structure upon which be begin to make sense of, or organ ze, the 


/ 


information. on the page. } 


% 


ter case, the use of the students' own language/form/would prob- | 


. 


Teachers of mathematics and teachers of concerned 
a 7 with the reading of mathematics should become) sensitive to those 
structures used by their students in their ndtural discourse. This 
- means that teachers should first become good listeners and then 
try to include, in their own oral or writte éxposition, as many 
of those linguistic structures employed by heir students as pos- 
sible. As a corollary, the use of Linguis ic structures ae 


students do not use should be minimized. 


« 
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In the study enone a here, specific constructions were 


_ taniacnd, however, these may vary from class to class and BEPORR: +f aa 


‘will probably facilitate the learning of new concepts with a 


developmental levels. This means that teachers should be will- be / 
ing and able to "adjust" their syntax to meet the needs of/ the | 


particular group of students they might be working with. bits 


minimum of interference. 


_ . 
‘ . 
. 
1, 
* ’ 
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LINGUISTIC ANALYSIS WORKSHEET* - 


. Student ~-, f-unit numbe 
* 1 ae: 
Pies Ve mean number of words per t+«unit : . 
¥ SIMPLE TRANSFORMATIONS — + EXAMPLE 
iy °BSy There-Verb-Subject ‘ - . ‘ here was.a girl named Paula. 
"Bs It-Verb-Subject | i / It i8 an easy |problem 
4. Nominative-Direct- . | igh 
’ Object-Verb Passive =. | ‘The allowance.was doubled 
e . - . - 
5. Nominative-Indirect. | : ' 
* Object-Verb Passive Panla was given an allowance 
6.‘ Question | ‘ What was her allowance - 
Les | before she éntered g 
"¢ | : } : . school’? “%. 
a a ; 2 
Te Negation _ . . Paula did not have enough . 


. money. 


| 


8._____Negation-shift j 
‘EMBEDDING TRANSFORMATIONS 


Yr “9; That+Sentence as Subject # That her allowance was in- : 


; if : 
, 10. '.; That+Sentence as Object. The problem states that the 
a if ‘ allowance was double 


11. (that +Sentence as a 
| 


12. . WhsSentence as subgebt 


oe * 


| e ‘ 
“i to you. 


13. Wh+Sentence as objecs ,; The epuction states what is 
: said in the paragr 


14. “Wh+ever as Subject | * Whatever is done one side 
4 ~ do ah Is done to the| pther. 
_ ' * | a | 
cial ae 19: K 7 


"455 Wha Ever as Odject 


a @ 


16,____Infinitive as Subject 


17.____Infinitive as Object - |. 


er ” 


* 48. Gerundive as Subject 


19, ____ Gerundive as Ybject 


B. ‘Noun Expansion 
(1)Relative Clauses 


20. __ Relative Clause(Be) 
ae Relative Clause(Have) 
. 22:5." Relative Clause(Verb) 
23. Adverbial Clause(Time) 
"-24.___Aaverbial Clause(Placé) 


25. _ Adverbial. Clause (Manner) 
e 
26. Aveckid Clause (Motive) 


(2) ‘Post. Noun “elative-Phrases 


You should replace whatever 
they dont say. ————=CS~S 


To ‘sblve the problem is 
e ey e 


You should try to reread, 
the: problem... 


Paula's spending caused her 
father s increase the 


allowance. 


Paula reviewed her spending. ‘ 


& 


who is a student :* 


which had no specified amount 


who: increased the Allowance . 


‘before she entered high school 
where the X is , 


_ how you can solve 


why we check it 


(Derived in reduction of melee’ clauses) are 


27. _ Prepositibnal Phrases 
28, ' | Genitive Phrase 
29._-_- Participial Phrase — 
30., Infinitive “*.  - 
31,____Infinitive Phrase 


e 


’ (who is) to yerniter high schoo 


(wns was) in high school a 
(which are) of the problems 


(which is) multiplied, by x 
(who: 4s) ‘to solve. | 


Steen aaa 


. ih} 9 Py 4 . ) 
. * 320 ‘_Appositive Phrase 


(3) Relative Words 
33. Adjective 
34. '—~Participle 


y 3562 _" Possessive 


A. CorJuftctions joining independent clauses 


36. Additive 
37.____Adversative 


7 


38. ‘Causal : 
ty Conditional © 
40. 


ag 


t 


*This worksheet was adapted from Peltz' worksheet 


- . 


CONJOINING ‘TRANSFORMATIONS ' 


. 


‘ \ 


> 


B. -Conjunctions joining dependent 


> 


Paula, (who is) 


a high school 
freshman 


" wee ly allowance 


increased,dllowance 


her allowance 


and 


but 


clauses . 

because 

if: ma “ 
80 


then 


e 


